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ABSTRACT
This study is motivated by recent observations on the ubiquitous interstellar density filaments and guided
by the modern theory of magnetohydrodynamic (MHD) turbulence. The interstellar turbulence shapes the
observed density structure. The perpendicular turbulent mixing, as the fundamental dynamics of MHD turbu-
lence, naturally entails parallel filaments presented in both the diffuse medium and molecular clouds (MCs).
The minimum width is determined by the perpendicular neutral-ion decoupling scale in partially ionized me-
dia. Differently, dense perpendicular filaments arise in highly supersonic turbulence in MCs as a result of
shock compression. Their width specifically depends on the turbulence properties. We demonstrate that differ-
ent alignments of filaments with respect to the magnetic field originate from the varying turbulence properties
in the multi-phase interstellar medium.
Subject headings: turbulence - ISM: magnetic fields - ISM: structure
1. INTRODUCTION
Observations reveal that filamentary density structures are
widely spread in the interstellar medium (ISM), including
both the diffuse neutral medium (e.g., McClure-Griffiths et al.
2006; Clark et al. 2014; Planck Collaboration et al. 2016a)
and highly fragmented molecular clouds (MCs) (e.g.,
Schneider & Elmegreen 1979; Williams et al. 2000;
Andre´ et al. 2010). Moreover, the filaments in the dif-
fuse medium preferentially align with the local magnetic
field, whereas the dense filaments in MCs tend to be per-
pendicular (Planck Collaboration et al. 2016a,b). The former
provides the information on the Galactic interstellar magnetic
field. The latter is important for understanding the star
formation process. as dense filaments in MCs coincide
with the birthplaces of protostellar cores (Andre´ et al. 2014;
Marsh et al. 2016). Besides its significance in interstellar
processes, aligned with magnetic field filaments in HI
were shown to be useful for studies of cosmic microwave
background polarization (Clark et al. 2015).
As the ISM is turbulent (Armstrong et al. 1995;
Chepurnov & Lazarian 2010), understanding the turbu-
lence properties is essential for explaining the magnetic
field and density structure in the multi-phase ISM. In the
high-latitude diffuse neutral medium, the turbulence is
injected at ∼ 140 pc and mildly supersonic (Chepurnov et al.
2010), while the turbulence in MCs in the Galactic plane
is highly supersonic and shock-dominated, with sonic
Mach numbers Ms ∼ 5 − 20 (Zuckerman & Evans 1974;
Zuckerman & Palmer 1974; Larson 1981). In accordance
with the distinctive turbulence properties, we naturally expect
the resulting density structure differs in different media.
Important strides have been made towards advanc-
ing the theories of magnetohydrodynamic (MHD) tur-
bulence concerning e.g. the dynamics and statistics
of MHD turbulence (Goldreich & Sridhar 1995, hereafter
GS95; Lazarian & Vishniac 1999, hereafter LV99), MHD
turbulence in compressible medium (Lithwick & Goldreich
2001; Cho & Lazarian 2002, 2003) and in partially ion-
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ized medium (Lithwick & Goldreich 2001; Lazarian et al.
2004; Xu et al. 2015, 2016), and their numerical test-
ing (Maron & Goldreich 2001; Cho et al. 2002; Kowal et al.
2009, 2012). With a general applicability in essen-
tially all branches of astrophysics involving fluid dynamics
(McKee & Ostriker 2007), the theoretical developments of
MHD turbulence provide new insights in many long-standing
problems (Yan & Lazarian 2002; Xu & Zhang 2017b,a). In
particular, the turbulent reconnection of magnetic fields
inherent in MHD turbulence (LV99) was introduced to
solve the magnetic flux problem in star formation (Lazarian
2005; Santos-Lima et al. 2010; Lazarian et al. 2012), and
the turbulence anisotropy has been employed to develop
a new velocity gradient technique for measuring interstel-
lar magnetic fields (Gonza´lez-Casanova & Lazarian 2017;
Yuen & Lazarian 2017b; Lazarian & Yuen 2017).
The interstellar turbulence induces density fluctuations
and influences the density structure. Statistical studies
(Beresnyak et al. 2005; Kowal et al. 2007; Lada et al.
2008; Burkhart et al. 2009, 2010; Collins et al. 2012;
Federrath & Klessen 2012; Burkhart et al. 2015a) uncover
different density structures developed in various turbulence
regimes. Density fluctuations in compressible MHD turbu-
lence are passively regulated by the Alfve´nic turbulence,
which is responsible for the dynamics of MHD turbulence,
and thus present the same statistical feature as turbulent
velocities. When the compressible turbulence becomes
highly supersonic, besides the density fluctuations asso-
ciated with the Alfve´n component, the shocks driven by
supersonic turbulent flows can also produce additional
density structure, which is characterized by large density
contrasts at small scales due to the shock compression.
The fact of different density structures arising in distinctive
turbulence regimes in diverse ISM phases has been shown
by overwhelming observations (see e.g., Armstrong et al.
1995; Chepurnov & Lazarian 2010; reviews by Lazarian
2009; Hennebelle & Falgarone 2012 and references therein),
which has been applied by Xu & Zhang (2017b) to modeling
the Galactic electron density fluctuations and explaining the
scattering measurements of pulsars.
In this paper, based on the established and tested theory of
MHD turbulence, we will elucidate the origin of density fil-
2aments in the turbulent and magnetized ISM, including both
parallel filaments that generally arise not only in the diffuse
neutral medium but also in MCs (Section 2), and dense per-
pendicular filaments in highly supersonic MCs (Section 3).
The discussion and summary are in Sections 4 and 5.
2. FILAMENTS PARALLEL TO THE MAGNETIC FIELD
In the compressible ISM, the dynamics of MHD turbulence
is dominated by its Alfve´nic component (Cho & Lazarian
2002, 2003). The density structure shaped by the mixing mo-
tions of Alfve´nic turbulence generally exists in both the dif-
fuse ISM and MCs.
2.1. Perpendicular turbulent mixing and parallel filaments
The turbulent energy injected at a large scale, i.e., the in-
jection scale L, progressively cascades down to small scales.
In MHD turbulence, the turbulent mixing of magnetic fields
takes place in the direction perpendicular to the local mag-
netic field, which is enabled by the fast turbulent reconnec-
tion (LV99). This feature renders the turbulence anisotropy
and makes the essential distinction between the MHD and hy-
drodynamic turbulence. The perpendicular cascade of energy
is more rapid than the parallel one. In consequence, the turbu-
lent energy is distributed anisotropically, with most turbulent
energy residing in the perpendicular direction.
The nonlinear cascade rate of Alfve´nic turbulence, i.e., the
eddy-turnover rate, determines the turbulent mixing rate,
τ−1cas = vll
−1
⊥ = VstL
− 1
3
st l
− 2
3
⊥ , (1)
with the local turbulent velocity vl at the length scale mea-
sured in the direction perpendicular to the local magnetic field
l⊥. The critical balance between the rate of this perpendicular
mixing and the frequency of Alfve´n waves propagating along
the magnetic field is satisfied in the strong MHD turbulence
regime (GS95). In the above expression, the GS95 scaling for
the strong MHD turbulence is used:
vl = Vst(l⊥/Lst)
1
3 , (2)
where Vst is the turbulent velocity at the injection scale of
the strong MHD turbulence Lst. More specifically, in super-
Alfve´nic turbulence with dominant turbulent kinetic energy at
the driving scale, there is
Vst = VA, Lst = LM
−3
A , (3)
where VA is the Alfve´n speed, MA = VL/VA > 1 is the
Alfve´n Mach number, and VL is the turbulent velocity at L.
Within the range of length scales [L,Lst], the turbulence is
in the hydrodynamic regime with isotropic turbulent mixing
and turbulent energy distribution. Differently, in the case of
sub-Alfve´nic turbulence with dominant magnetic energy at
the driving scale, i.e.,MA < 1, there is (Lazarian 2006),
Vst = VLMA, Lst = LM
2
A. (4)
Within [L,Lst], it is the weak turbulence, i.e., weakly interact-
ing Alfve´n waves (LV99).
Given the expression of the perpendicular mixing rate (Eq.
(1)), the critical balance condition
τ−1cas = VA/l‖ (5)
leads to the anisotropic scaling relation of the strong MHD
turbulence,
l‖ =
VA
Vst
L
1
3
st l
2
3
⊥, (6)
where l‖ is the parallel length scale of a turbulent eddy. It
shows that the anisotropy of the GS95 turbulence is scale-
dependent, with smaller-scale turbulent eddies more elon-
gated along the local magnetic field.
The turbulent mixing governs the mixing of density fluc-
tuations. Density fluctuations in compressible MHD tur-
bulence come from the slow mode and the entropy mode
(Lithwick & Goldreich 2001). The resulting density inhomo-
geneities behave as a passive scalar and are passively mixed
by Alfve´nic turbulence, following the same perpendicular
cascade as turbulent velocities. As a result, similar to the
anisotropic turbulent velocity eddies, they tend to exhibit an
elongated structure along the local magnetic field, i.e., a paral-
lel filament. The lifetime of the parallel filament is determined
by the turnover time of the turbulent eddy at the perpendic-
ular length scale equal to the filament width. In the com-
pressible MHD turbulence and even at a high Ms = VL/cs,
where cs is the sound speed, the Alfve´n modes carry most of
the turbulent kinetic energy, and the mixing motions induced
by the Alfve´nic turbulence are marginally affected by the
compressible modes (see e.g. Cho & Lazarian 2002, 2003;
Pan & Scannapieco 2010). This explains the existence of par-
allel filaments in supersonic MHD turbulence.
2.2. Neutral-ion decoupling and the minimum width of
parallel filaments
The ISM is commonly partially ionized (Draine 2011). The
coupling between neutrals and ions should be taken into ac-
count when we study the density structure in neutral gas.
The coupling state between neutrals and ions depends on the
length scale of interest. The parallel neutral-ion decoupling
scale is defined as
lni, dec,‖ =
VA
νni
, (7)
corresponding to the scale at which the Alfve´n wave fre-
quency and the neutral-ion collision frequency νni = γdρi
get equal, where γd is the drag coefficient (see e.g. Shu 1992),
and ρi is the ion mass density. According to the anisotropic
scaling of Alfve´nic turbulence (Eq. (6)), the perpendicular
neutral-ion decoupling scale is,
lni, dec,⊥ = ν
− 3
2
ni L
− 1
2
st V
3
2
st . (8)
In the strong MHD turbulence regime, over large scales above
the perpendicular decoupling scale, the strongly coupled neu-
trals and ions together carry the anisotropic MHD turbu-
lence, where density fluctuations present a filamentary struc-
ture along the local magnetic field as a result of the perpendic-
ular turbulent mixing. Over smaller scales, neutrals decouple
from ions, as well as the magnetic field, and they indepen-
dently carry the isotropic hydrodynamic turbulence (Xu et al.
2015; Burkhart et al. 2015b). The MHD cascade in neutrals
terminates at lni, dec,⊥, which is thus the minimum width of
parallel filaments in density fluctuations.
To numerically illustrate the width range of parallel fila-
ments in the partially ionized ISM, we adopt the typical driv-
ing conditions of the interstellar turbulence, L = 30 pc,
VL = 10 km s
−1, and typical conditions of the warm neu-
tral medium (WNM), the cold neutral medium (CNM), and
molecular clouds (MCs) (Draine & Lazarian 1998) (as listed
in Table 1). Besides, we use γd = 3.5 × 1013cm3g−1s−1
(Draine et al. 1983), the ion and neutral masses mi = mn =
mH for the WNM and CNM, and mi = 29mH , mn =
32.3mH for MCs (Shu 1992), where mH is the mass of hy-
drogen atom.
In the case of the WNM, given the above parameters, the
turbulence is sub-Alfve´nic. Inserting Eq. (4) in Eq. (8) yields
lni, dec,⊥,sub = ν
− 3
2
ni L
− 1
2 V
3
2
L M
1
2
A . (9)
Its value is presented in Table 1. To quantify the elongation
of the decoupling-scale filament, we also calculate the axial
ratio as (Eqs. (7) and (9))
Adec, sub =
lni, dec,‖
lni, dec,⊥,sub
= ν
1
2
niL
1
2V
− 1
2
L M
− 3
2
A , (10)
which has a large value in the sub-Alfve´nic WNM. In cases
of the CNM andMCs, with the above parameters adopted, the
turbulence turns out to be super-Alfve´nic. We can rewrite Eq.
(8) by using Eq. (3),
lni, dec,⊥,sup = ν
− 3
2
ni L
− 1
2 V
3
2
L , (11)
which is independent of the magnetic field strength, unlike
the case in sub-Alfve´nic turbulence. The axial ratio at the
decoupling scale is (Eqs. (7) and (11))
Adec, sup =
lni, dec,‖
lni, dec,⊥,sup
= ν
1
2
niL
1
2 V
− 1
2
L M
−1
A . (12)
The reason for the small Adec, sup in the CNM and MCs is
that with the decoupling scale close to Lst, the turbulence
anisotropy at the decoupling scale is insignificant. More-
over, in super-Alfve´nic turbulence, as the anisotropic turbu-
lent mixing only operates below Lst, the upper limit to the
width of a parallel filament is given by Lst.
From the above analysis, we find that in both the transonic
WNM and supersonic CNM andMCs (seeMs values in Table
1), the perpendicular turbulent mixing caused by the Alfve´nic
turbulence gives rise to density filaments parallel to the lo-
cal magnetic field. Furthermore, comparing the sub-Alfve´nic
WNM and the super-Alfve´nic CNM and MCs, we see that
the former is more favorable for the formation of profoundly
elongated parallel filaments.
We note that the calculations here only serve as illustrative
examples. To explain specific observations, more realistic pa-
rameters depending on the local environments should be used.
3. FILAMENTS PERPENDICULAR TO THE MAGNETIC
FIELD
In MCs, in addition to the parallel filaments formed in the
Alfve´nic turbulence, the shock compression in highly super-
sonic turbulence generates dense perpendicular filaments.
3.1. Shock compression in highly supersonic turbulence
We consider a shock wave driven by the supersonic turbu-
lent flow propagating in MCs. The initial shock velocity is
given by the turbulent velocity VL at the driving length scale
L of the supersonic turbulent flow. The corresponding turbu-
lent sonic Mach number isMsL = VL/cs.
In the rest frame of the shock, the quantities across the
shock are related by the jump conditions, which include the
conservation of mass,
ρ1u1 = ρ2u2, (13)
the conservation of momentum,
ρ1c
2
1 + ρ1u
2
1 +
B2
1
8pi
= ρ2c
2
2 + ρ2u
2
2 +
B2
2
8pi
, (14)
and the conservation of magnetic flux
B1u1 = B2u2, (15)
where ρ1, u1, c1,B1 are the mass density, fluid velocity (in the
shock propagation direction), the sound speed, the strength of
the transverse magnetic field in the upstream region, and ρ2,
u2, c2, B2 are those in the downstream region.
Under the consideration of highly supersonic turbulence,
Eq. (14) can be approximately written as
ρ1u
2
1
+
B2
1
8pi
≈ ρ2c2s + ρ2u22 +
B2
2
8pi
. (16)
Here we also assume that the shock is isothermal with c1 =
c2 = cs due to the efficient cooling in MCs (see e.g.
Whitworth & Clarke 1997). In combination with Eqs. (13)
and (15), the above equation becomes(
1− V
2
A2
2u2
1
)
u2
2
− u1u2 + c2s +
V 2A2
2
≈ 0, (17)
as a quadratic equation of u2, where VA2 = B2/
√
4piρ2. It
has the solutions:
u2 ≈
u1 ± u1
√
1− 4
(
1− V 2A2
2u2
1
)(
c2
s
u2
1
+
V 2
A2
2u2
1
)
2− V 2A2
u2
1
. (18)
In the case of dominant magnetic pressure in the down-
stream medium, i.e., c2s ≪ V 2A2, Eq. (18) can be simplified
as
u2 ≈
u1 ± u1
(
1− V
2
A2
u2
1
)
2
, (19)
where V 2A2/u
2
1
≪ 1 should be satisfied. We consider the
solution corresponding to non-negligible compression of the
shocked material and thus obtain,
u2 ≈
V 2A2
2u1
. (20)
From Eqs. (13) and (15), we find V 2A2 = (ρ2/ρ1)V
2
A1, where
VA1 = B1/
√
4piρ1, and that the relation in Eq. (20) deter-
mines the density contrast across the shock as
ρ2
ρ1
≈
√
2
u1
VA1
=
√
2MA1, (21)
where MA1 is the shock Alfve´n Mach number. Evidently,
to have a large density enhancement behind the shock, the
transverse magnetic field in the upstream medium should be
sufficiently weak.
In the case of dominant thermal pressure in the downstream
medium, i.e., c2s ≫ V 2A2, the solutions in Eq. (18) can be
reduced to
u2 ≈
u1 ± u1
√
1− 4c2s
u2
1
2
. (22)
We again only consider the situation with a significant com-
pression and find
u2 ≈
c2s
u1
(23)
4TABLE 1
PARAMETERS IN DIFFERENT ISM PHASES
nH [cm
−3] ne/nH B0 [µ G] T [K] Ms MA Lst [pc] lni, dec,⊥ [pc] Adec
WNM 0.4 0.1 5 6000 1.1 0.6 11.1 7.3× 10−3 31.1
CNM 30 10−3 5 100 8.5 5 0.2 1.5× 10−2 2.5
MC 300 10−4 5 20 28.9 15.9 7.5× 10−3 9.3× 10−5 4.3
for a supersonic u1. Combining the above expression with
Eq. (13) yields
ρ2
ρ1
≈ u
2
1
c2s
= M2s1, (24)
whereMs1 is the shock sonic Mach number.
The above approximate compression ratios (Eqs. (21) and
(24)) are consistent with earlier studies on isothermal shocks
(see, e.g., Draine 2011). In both cases, a weak transverse
magnetic field is required to facilitate a substantial density
increase across the shock. It implies that in highly super-
sonic turbulence, the effective shock compression preferen-
tially takes place in quasi-parallel shocks where the magnetic
field is nearly alignedwith the shock normal. Moreover, based
on the comparison between the two cases, with a quadratic
dependence on Ms1, we expect a stronger shock compres-
sion when the downstream thermal pressure dominates over
the magnetic pressure.
3.2. Formation of perpendicular filaments
To analyze the most prominent density structure resulting
from the shock compression in highly supersonic turbulence,
we next focus on the case of a quasi-parallel shock with a
negligible magnetic pressure in the downstream medium.
In the observer’s frame, the downstream fluid velocity is
(Eqs. (13) and (24))
v2 = Vso − u2 = Vso
(
1− 1
M2so
)
, (25)
which is comparable to the shock velocity Vso(= u1) when
the shock sonic Mach number Mso(= Ms1) is large. Thus
the swept-up material by the shock is compressed into a dense
and thin sheet behind the shock front and co-moves with the
shock. As a simple model, we suppose a planar shock wave
with the swept-up mass concentrated in the post-shock sheet,
Mse = RAρ1 = δAρse. (26)
HereR is the distance that the shock front has moved through.
Mse, δ, A, and ρse are the mass, thickness, area, and volume
density of the sheet.
During the propagation of the shock wave, the momentum
of the sheet Pse is conserved,
Pse ≈MseVso = Aρ1R
dR
dt
= C, (27)
where C represents a constant. It yields
R(t) =
√
2C
Aρ1
t
1
2 (28)
and
Vso(t) =
1
2
√
2C
Aρ1
t−
1
2 (29)
for t > 0. The accumulation of the upstream ISM slows down
the supersonic turbulent flow and weakens the shock. Accord-
ingly, the compression ratio (Eq. (24)) decreases with time,
M2so(t) =
V 2so(t)
c2s
=
C
2Aρ1c2s
t−1. (30)
Its time dependence shows that the large density contrast be-
tween the post-shock sheet and the ambient medium is mainly
produced by the shock compression at a early time. Therefore,
by assuming a constant compression ratio determined by the
initial Mso(= MsL) and R given by the driving scale L of
the supersonic turbulent flow, we can approximately have the
sheet thickness (Eq. (26)):
δ ∼ L
M2sL
, (31)
which only depends on the turbulence parameters. Provided
L ∼ 10 pc andMsL ∼ 10, we can estimate that δ is of order
0.1 pc.
The dense sheet formed in a quasi-parallel shock is threaded
by perpendicular magnetic fields. As multiple quasi-parallel
shocks are generated in highly supersonic turbulence, their
interactions naturally lead to the intersections of sheets
(Banerjee et al. 2006; Pudritz & Kevlahan 2013), where fila-
ments form in the direction perpendicular to the surrounding
magnetic fields. The filament width is expected to be compa-
rable to the sheet thickness (Eq. (31)). It varies at different
driving conditions and compressibilities of turbulence.
4. DISCUSSION
High-density filaments set up the necessary condition for
the self-gravity to take over the gas dynamics and initiate the
subsequent star formation. Such dense filaments can be eas-
ily generated by the shock compression in highly supersonic
turbulence and tend to be perpendicular to the local magnetic
field. As a different mechanism to produce filaments in turbu-
lence, the turbulent mixing acts to dilute the density contrast
and leads to low-density parallel filaments. If the perpendic-
ular filaments are not gravitationally bound and the filament
width is within the inertial range of Alfve´nic turbulence, they
are also subject to the turbulent mixing effect.
In the weak turbulence regime of sub-Alfve´nic turbulence,
the turbulence is anisotropic with only perpendicular cascade
of energy (LV99). Despite the absence of turbulent mixing,
density fluctuations can still present the parallel filamentary
structure following the perpendicular cascade.
Theoretically, the width of parallel filaments can exist
over the range [L, lni, dec,⊥,sub] in sub-Alfve´nic turbulence and
[Lst, lni, dec,⊥,sup] in super-Alfve´nic turbulence. Observation-
ally, because smaller turbulent eddies are more numerous,
we are more likely to identify the filaments at the smallest
resolvable scale, which is usually larger than the minimum
filament width. If the resolution is even larger than Lst in
super-Alfve´nic turbulence, it is unlikely to discern the mixing-
5induced parallel filaments. Besides, observations are also sub-
ject to the projection effect. The observed filament can actu-
ally be the superposition of distinct filaments along the line of
sight.
For a filamentary density structure, the density gradient is
perpendicular to its major axis. Accordingly, the density gra-
dient of a parallel filament is perpendicular to the magnetic
field B, while that of a perpendicular filament is parallel to
B. In a good agreement with our analysis, Yuen & Lazarian
(2017b) found that the density gradients measured in the dif-
fuse HI region are perpendicular to B, and Yuen & Lazarian
(2017a) showed density gradients parallel to B at shocks.
Here we caution that the density gradient is not necessarily
an indicator of a density filament. For instance, density gradi-
ents parallel toB can also arise in a gravitationally collapsing
region. Moreover, under the effect of self-gravity, a perpen-
dicular filament can experience a supercritical collapse, with
the interior magnetic field dragged by the longitudinal infall
and parallel to the major axis. 3
It is also important to note that filaments in density distri-
bution can be very different from the filaments extracted from
velocity channel maps (e.g. Clark et al. 2014). In thin chan-
nel maps, the latter are likely to be caused by the velocity
crowding effect in the velocity space (Lazarian & Pogosyan
2000). It means that such filaments can still be seen even in
homogeneous medium (see Lazarian & Yuen 2017).
5. SUMMARY
The pervasive magnetized turbulence is responsible for the
formation of ubiquitous density filaments in the ISM. Corre-
sponding to different turbulence properties in the multi-phase
ISM, the resulting filaments have distinctive features. Our
main results are summarized as follows.
1. The perpendicular mixing motions in Alfve´nic turbu-
lence give rise to filaments aligned with the local magnetic
field. As Alfve´nic turbulence dominates the dynamics of com-
pressible MHD turbulence, parallel filaments generally exist
in both diffuse media and MCs.
2. The axial ratio of parallel filament depends on the
anisotropic scaling of Alfve´nic turbulence and varies in dif-
ferent turbulence regimes. Comparedwith super-Alfve´nic tur-
bulence (e.g., the CNM and MCs), we expect more elongated
filaments in sub-Alfve´nic turbulence (e.g., the WNM).
3. The minimum width of parallel filaments is set by the
perpendicular neutral-ion decoupling scale in partially ionized
media, i.e., the transition scale from anisotropic and isotropic
turbulence in neutrals. In the case of super-Alfve´nic turbu-
lence, the maximum width of parallel filaments is given by
Lst, i.e., the transition scale from isotropic to anisotropic tur-
bulence in strongly coupled neutrals and ions.
4. The shock compression in highly supersonic turbulence
(e.g., MCs) accounts for the formation of dense filaments per-
pendicular to magnetic fields. The filament width depends on
the length scale of the supersonic turbulent flow and the sonic
Mach number.
5. When confronting the theoretically predicted filament
features with observations, one should take into account
the observational effects, e.g., limited resolution, projection
effect, and be cautious when identifying density filaments
from observational data.
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